In our ongoing search for biologically active glycosphingolipids from starfish, we have isolated numerous cerebrosides, ceramide-lactosides, sulfatides, and gangliosides with biological activities. [2] [3] [4] As for the starfish Linckia laevigata (Aohitode in Japanese), we reported the isolation and structure elucidation of a ganglioside molecular species obtained from the water-soluble lipid fraction of the CHCl 3 /MeOH extracts of the starfish.
In our ongoing search for biologically active glycosphingolipids from starfish, we have isolated numerous cerebrosides, ceramide-lactosides, sulfatides, and gangliosides with biological activities. [2] [3] [4] As for the starfish Linckia laevigata (Aohitode in Japanese), we reported the isolation and structure elucidation of a ganglioside molecular species obtained from the water-soluble lipid fraction of the CHCl 3 /MeOH extracts of the starfish. 5) In a continuation of the study, the isolation and characterization of the cerebroside obtained from the less polar fraction were conducted in the hope of discovering new medicinal resources from marine natural products. We report here isolation and structure determination of a new cerebroside from the whole bodies of L. laevigata.
The AcOEt-insoluble part, which was obtained from the less polar fraction of the CHCl 3 /MeOH extract of the whole bodies of L. laevigata, was separated by normal-phase column chromatography followed by Sephadex LH-20 column chromatography to give two cerebroside molecular species, LLC-1 and LLC-2, each showing a single spot on normalphase silica gel TLC. In this time the major one, LLC-2, was examined.
Structure of Cerebroside Molecular Species LLC-2 The positive-ion fast-atom bombardment mass spectrometry (FAB-MS) spectrum of LLC-2 exhibits a series of [MϩNa] ϩ ion peaks at m/z 756, 770, 784, 812, 826, 840, 854, 868, and 882. LLC-2 shows the characteristic signals of a phytosphingosine-type cerebroside possessing 2-hydroxy fatty acid and b-glucopyranose moieties in its 1 H-and 13 C-NMR spectra (Fig. 1, Tables 1, 2 ). Furthermore, LLC-2 is thought to possess the normal, iso and ante-iso types 6) of side chains on the basis of the carbon atom signals due to the terminal methyl group (Table 2) , 7) and the chemical degradation described below. The 1 H-and 13 C-NMR spectra of LLC-2 are in good agreement with that of known glucocerebrosides, which is composed of (2S,3S,4R)-phytosphingosine, (2R)-2-hydroxy fatty acid, and b-D-glucopyranose, except the side-chain moieties (Tables 1, 2). 8) Therefore LLC-2 is suggested to be a molecular species of phytosphingosine-type cerebroside possessing 2-hydroxy fatty acid and b-glucopyranose.
When LLC-2 was methanolyzed with methanolic hydrochloric acid, mixture of fatty acid methyl ester (FAM), long-chain base (LCB), and methyl glucopyranoside were obtained. Gas chromatography-mass spectrometry (GC-MS) analysis of the FAM mixture showed the existence of nine components, which were characterized as methyl 2-hydroxypentadecanoate (FAM-1), methyl 2-hydroxyhexadecanoate (FAM-2), methyl 2-hydroxyheptadecanoate (FAM-3), methyl 2-hydroxyoctadecanoate (FAM-4), methyl 2-hydroxyheneicosanoate (FAM-5), methyl 2-hydroxydocosanoate (FAM-6), methyl 2-hydroxytricosanoates (FAM-7Ј and FAM-7), and methyl 2-hydroxytetracosanoate (FAM-8). The major FAM was methyl 2-hydroxydocosanoate (FAM-6). The retention time of the FAMs, except FAM-7Ј, was identical with that of the normal-type FAMs from the starfish ceramide AC-1.
9) A pair of FAMs (FAM-7Ј and FAM-7), showed the same molecular ion peaks but the different retention time. It was supposed to be caused by the difference of the terminal methyl group. The retention time was nearly proportional to the hydrocarbon chain length, and moreover retention time of FAM possessing the iso and ante-iso moieties are shorter than that of normal-type (isoϽante-isoϽnormal). 10, 11) Therefore, FAM-7Ј must be iso or ante-iso-type of methyl 2-hydroxytricosanoate. On the other hand, GC-MS analysis of the trimethylsilyl (TMS) derivative of the LCB mixture suggested that the LCB components were 2-amino-1,3,4-hexadecanetriol (LCB-1), 2-amino-1,3,4-heptadecanetriols (LCB-2Ј, LCB-2Љ, and LCB-2), 2-amino-1,3,4-octadecanetriols (LCB-3Ј, LCB-3Љ, and LCB-3), and 2-amino-1,3,4-nonadecanetriol (LCB-4). The major LCB was 2-amino-1,3,4-heptadecanetriol (LCB-2Ј). By comparing the retention time, LCB-2Ј, -3Ј were suggested to be iso-type, and LCB-2Љ, -3Љ ante-iso-type. Accordingly, LLC-2 was a phytosphingosine-type glucocerebroside molecular species composed of the aforementioned fatty acids and long chain bases (Fig. 1) .
Isolation and Structure of Cerebrosides from LLC-2 By means of reverse-phase HPLC, LLC-2 was separated into 15 peaks, which were recovered to give fractions LLC-2-1 to LLC-2-15. Five of the 15 fractions, LLC-2-1 (1), LLC-2-8 (2), LLC-2-10 (3), LLC-2-12 (4), and LLC-2-15 (5), showed a single quasi-molecular ion peak [MϩNa] ϩ in the positiveion FAB-MS (m/z 756, 826, 840, 854, 882, respectively). Furthermore, two of the five compounds, 1 and 2, gave single FAM upon methanolysis. Therefore these two compounds were regarded as homogeneous cerebrosides.
The 1 H-and 13 C-NMR spectra of these homogeneous and pseudo homogeneous glucocerebrosides, 1-5 are in good agreement with that of the synthetic glucocerebroside, which is composed of (2S,3S,4R)-phytosphingosine, (2R)-2-hydroxy fatty acid, and b-D-glucopyranose (Fig. 2, Tables 1,  2) . 8) The above fact and the optical rotations of 1-5 (ϩ9.4°t o ϩ18.9°) and the synthetic glucocerebrosides (ϩ12.2°) 8) suggested that 1-5 has the same absolute configuration as that of the synthetic one for the core structure. Therefore, 1256 Vol. 53, No. 10 (Table 1) , one of chain of fatty acyl (FA) and LCB is normal-type, and the other is iso-or ante-iso-type. The GC-MS measurement of the FAMs from the cerebroside (1-5) indicate their normaltype. Therefore, the terminal groups in LCB of them must be iso-type or ante-iso-type. The (Fig. 2) .
Compound 1, named linckiacerebroside A, is, to the best of our knowledge, new cerebroside. Compound 2 have been found to be identical to S-2a-3, isolated from the starfish Stellaster equesris.
12) The biological activities of these compounds will be examined in the future studies.
Experimental
Melting points were determined on a micro melting point apparatus (Yanako MP-3) without correction. Optical rotations were measured with a Jasco Dip-370 digital polarimeter at 25°C.
1 H-NMR spectra were recorded on a Varian Unity-400 spectrometer (400 MHz), and The AcOEt insoluble portion (5.5 g) was chromatographed on silica gel repeatedly using the solvents, CHCl 3 /MeOH (9 : 1), CHCl 3 /MeOH/H 2 O (9 : 1 : 0.05, and 10 : 1 : 0.05), and to give two cerebroside molecular species LLC-1 (0.03 g) 13) and LLC-2 (1. Tables  1, 2 .
Methanolysis of LLC-2 LLC-2 (1.0 mg) was heated with 5% HCl in MeOH (1 ml) at 70°C for 20 h in a sealed small-volume vial. The reaction mixture was extracted with n-hexane, and the hexane layer was concentrated to give a mixture of fatty acid methyl ester (FAM) for GC-MS analysis. The MeOH layer was neutralized with Ag 2 CO 3 , filtrated, and the filtrate was concentrated in vacuo to give a mixture of long chain base (LCB) and methyl glycoside.
GC-MS Analysis of FAM from LLC-2
The FAM mixture from LLC-2 was subjected to GC-MS [column temperature 180-320°C (rate of temperature increases 4°C/min)]. The results were as follows: FAM-1 (methyl 2-hydroxypentadecanoate), t R [min] (ratio of peak areas)ϭ10. 
